• C) of the skin from 'cold' to 'hot' or 'burning', and this has been attributed to activity in unidentified unmyelinated fibres that is normally masked or inhibited by activity in Aδ cold fibres. Application of the TRPM8 agonist menthol to the skin evokes 'burning/stinging' as well as 'cold', and the unpleasant sensations are also enhanced by A-fibre block. In this study we used microneurography to search for C fibres in human skin activated by cooling and menthol, which could be responsible for these phenomena. Afferent C fibres were classified by activity-dependent slowing as Type 1A (polymodal nociceptor), Type 1B (mechanically insensitive nociceptor) or Type 2 (cold sensitive), and their responses to heating and cooling ramps were measured before and after topical application of menthol preparations (2-50%). The only C fibres activated by menthol were the Type 2 fibres, which discharged vigorously with innocuous cooling and were strongly activated and sensitized to cooling by menthol. Unlike an Aδ cold fibre, they continued to discharge at skin temperatures down to 0
Introduction
The first molecular studies on cold thermoreception implicated the menthol receptor TRPM8 in innocuous cold sensation and the mustard oil and cinnamaldehyde-sensitive receptor TRPA1 in cold-induced pain (McKemy et al. 2002; Reid, 2005; Foulkes & Wood, 2007) but it is now clear that menthol can also evoke unpleasant sensations. In human studies, Wasner et al. (2004) showed that 40% menthol induces spontaneous burning pain and cold hyperalgesia, which was enhanced during an A-fibre block that abolished cold sensation. They also reported a flare reaction to menthol, suggesting activation of the C nociceptors responsible for axon reflex vasodilatation. However, a subsequent study by Namer et al. (2005) , while confirming that menthol induced cold hyperalgesia, found that it evoked only local vasodilatation and not an extended axon reflex flare, in contrast to the TRPA1 agonist cinnamaldehyde. These studies indicate that there is a class of C afferent that evokes unpleasant sensations that is activated by menthol, but which class is unclear. 5634 M. Campero and others J Physiol 587.23 In our previous microneurographic studies of human cutaneous sensation, we have described (a) a class of polymodal C nociceptor that is activated by cooling below about 19
• C (Campero et al. 1996) , i.e. CMHC units, and (b) a class of C fibre that is activated by innocuous cooling, and behaves as expected for specific cold receptors (Campero et al. 2001) . The latter units are readily distinguished from all other C afferents by their 'Type 2' pattern of activity-dependent slowing, i.e. when the stimulation rate is increased from 0.25 to 2 Hz, they reach a latency plateau after 1 min, corresponding to a slowing of conduction velocity that is close to 5% (Serra et al. 1999; Campero et al. 2001; Serra et al. 2004) . They also have distinctive velocity recovery cycles (Bostock et al. 2003) , which are helpful in recognizing this class of C fibre in rats (George et al. 2007 ). For convenience, and to avoid any implication of sensory function, we will refer to these 'Type 2' C fibres in this text as 'C2' fibres. Whereas the sensory function of several types of myelinated and unmyelinated fibres identified by microneurography has been clarified by intra-neural microstimulation (Ochoa & Torebjörk, 1983; Vallbo et al. 1984; Ochoa & Torebjörk, 1989) , this technique has never, so far as we are aware, been reported to evoke the sensation of cold, and the contribution to sensation of the C2 units has never been established. While the C2 receptor properties were similar to those of Aδ specific cold afferents described in mammals (Iggo, 1969; Darian-Smith et al. 1973) their average conduction velocity (CV) of 0.98 m s −1 (Campero et al. 2001 ) appeared incompatible with the evidence from differential nerve blocks that cold sensation is mediated only by Aδ fibres (Mackenzie et al. 1975) . We previously considered two hypotheses: (1) that the C2 fibres recorded in the superficial peroneal nerve at the ankle were the unmyelinated distal portions of non-uniform, incompletely myelinated Aδ specific cold fibres, structurally similar to fibres described in primates by Iggo & Ogawa (1971) and in the cat by Duclaux et al. (1976) ; or (2) that the C2 fibres do not contribute to cold sensation, perhaps having a purely unconscious role in temperature regulation (Campero et al. 2001) . In the light of experiments reported here and in the literature, we will consider in the discussion another hypothesis: that C2 fibres do contribute to sensation, but that this contribution is complex, and quite different from that of the Aδ-cold fibres.
The primary aim of this study was to determine which class or classes of C fibre are activated by cooling and menthol, and are therefore candidates to mediate the burning sensations reported by Wasner et al. (2004) . We have found that the only plausible candidates are the C2 fibres, and that these fibres often fire more vigorously on heating than on cooling. These bimodal, thermoreceptive and quasi-nociceptive fibres may provide the key to understanding a number of puzzles in thermal psychophysics, such as the changing quality of sensations evoked by innocuous cooling during differential A-fibre block, the phenomenon described alternatively as 'synthetic heat' or the painful thermal grill illusion, the 'paradoxical heat' induced by cooling warm spots, and the sensations referred to by Green and Schoen (2005) as 'low threshold thermal nociception' . A role of these units as symptom generators in neuropathy is predicted.
Methods

Subjects and ethical approval
The results are drawn from 37 recording sessions on 18 adult volunteers, spread over a period of 4 years. There were 11 males and 7 females, with ages ranging from 17 to 52 years (mean 27.3 years) (see Tables 1 and 2 ). The study had the approval of the Legacy Health System Institutional Review Board (ID no. 1280 ) and conformed to the Declaration of Helsinki. All subjects gave their informed, written consent.
Microneurographic recordings
Microneurography was used to record action potentials of human C fibres from cutaneous nerve fascicles of the superficial peroneal nerve at the ankle. The subjects sat relaxed with the leg firmly supported in a padded platform. Intraneural recordings were obtained using a 0.2 mm diameter lacquer-insulated tungsten microelectrode (MNG active/1 M ) FHC Inc., Bowdoinham, ME, USA), which was inserted percutaneously into the nerve. A subcutaneous reference electrode was inserted 1-2 cm away from the nerve trunk. The neural signals were amplified and filtered (band-pass 100-5000 Hz) with an isolated microelectrode amplifier (FHC Inc., Xcell 3+). Line interference was removed with an on-line noise eliminator (HumBug, Quest Scientific, North Vancouver, Canada) . Signals were digitised at 20 kHz (PCI-6221 data acquisition board, National Instruments Corporation, Austin, TX, USA) and displayed and recorded by Qtrac software (written by H. Bostock, C University College London), which also controlled electrical and thermal stimulation.
Search for the electrical receptive fields (RF) of C fibres was conducted in areas of skin where intraneural electric microstimulation evoked painful sensations at near threshold levels (Torebjörk and Ochoa, 1990) . This area of the skin was stimulated electrically with a pair of needle electrodes resting on the surface of the skin, using rectangular pulses of 0.25-0.3 ms duration (Grass S48, stimulus isolation unit SIU 5) at a rate of 0.25 Hz. Multiple units recorded at the same site could be recognized by the formation of lines on a raster plot of latency against time. Temperature of the skin was measured with a thermocouple placed on the skin adjacent to the RFs of the units under study. Skin temperature was maintained above 30
• C with an infrared lamp. This temperature control was maintained, even when the temperature of the RF was separately controlled by a Peltier device (see below).
Responses to thermal and menthol stimulation were recorded either (1) by stopping electrical stimulation and recording the spontaneous activity in a single, large amplitude unit, or (2) by continuing the stimulation at 0.25 Hz and detecting deviations from the steady-state latency due to the activity-dependent slowing caused by the spontaneous (i.e. not stimulus-evoked) activity, or (3) by stimulating at 0.25 Hz and recording both the stimulus-evoked and spontaneous discharges. On average only 85% of spontaneous action potentials were recorded, since Qtrac only allowed 850 ms sweeps to be recorded every second. Since conduction slowing can be caused either by activity or by cooling the axon, in many cases the responses to cooling could only be determined reliably by counting the spikes in a single, large amplitude unit.
Categorisation of C fibres
Only fibres with latencies compatible with conduction velocities in the C fibre range (<2 m s −1 ) were studied.
When time-locked responses with such latencies were recorded at 0.25 Hz baseline stimulation, a sequence of 3 min pause followed by 6 min baseline and 3 min 2 Hz train was given to enable the types of fibre present to be categorised (Serra et al. 1999) . Units which slowed progressively at 2 Hz were classified as Type 1 (nociceptors) and further subdivided according to the effects of the 3 min pause into Type 1A units (mechano-responsive), which were unaffected by the pause, and Type 1B units (mechano-insensitive), which slowed appreciably (by more than 1.5%) at 0.25 Hz following the pause. This 'pause protocol' has been found to unambiguously separate mechano-responsive and mechano-insensitive Type 1 units in accordance with the findings of Weidner et al. (1999) . Units which reached a plateau of slowing at ∼5% within 1 min of stimulation at 2 Hz were activated by cooling and classified as Type 2 units (Campero et al. 2001) or C2 units. The C2 units are similar in some respects to sympathetic efferents (Type 4), which also slow by about 5% at 2 Hz, but these two types of fibre can be distinguished unambiguously by their initial rate of slowing at 2 Hz, as well as by their responses to cooling and sympathetic manoeuvres . For all sensory units with adequate signal-to-noise to allow spike counting (see below), the typing by repetitive stimulation was then confirmed by natural stimulation of their receptors. In all cases, a mechanical RF was found for J Physiol 587.23 Type 1A fibres only, and a cold-sensitive RF found for C2 fibres only. Since the 1A fibres, when tested, were invariably activated by heat as well as mechanical stimuli, we will refer to them by the more common label of CMH units, and the Type 1B C fibres will be referred to as mechanically insensitive afferents (MIAs).
Mapping of receptive fields
The presence of a C2 unit was usually recognized by its spontaneous low firing rate at room temperature. The search for its RF was conducted by first identifying the area where cooling (by an air puff or by shielding from the infrared lamp) resulted in an increase in firing rate. Within this area, a search was made for RFs with a cold (∼2 • C) metal rod with a rounded tip (radius ∼2 mm). An RF was recognised by a sudden increase in the firing rate and the spot marked with ink.
The RFs of CMH units were mapped by the 'marking' technique, by following changes in latency on the raster plot due to activity-dependent slowing, during electrical stimulation of the skin at 0.25 Hz as described above. The skin around the stimulation site was probed with a calibrated monofilament (176 mN), and every time a unit was excited a burst of action potentials was heard and there was an immediate increase in its latency. The mechanical RFs of CMH units were thus delineated and marked in ink, with a different colour for each unit.
Unlike the C2 and CMH units, which were initially detected by natural stimulation, the MIA units were only revealed by the presence of a unit with the Type 1B pattern of activity-dependent slowing on a raster plot during electrical stimulation. Having confirmed that the unit was mechanically insensitive, by failing to activate it with a strong monofilament (307 mN), a search was made for its electrical RF using additional electrical impulses (0.2 ms width, 20-50 mA) from a second stimulator (Teca TD20) via needle electrodes that were touched to the skin. The electrical RF was mapped as the sites where the extra impulses produced a marked slowing of conduction, similar to the mechanical marking of CMH units.
For each type of unit, menthol was applied to the relevant (thermal, mechanical or electrical) RF, and when more than one unit was being tracked by raster plot during menthol application, a unit was only included in the analysis if the menthol application had covered its RF.
Thermal stimulation
Thermal stimuli were applied to the RFs of selected units by a feedback-controlled Peltier device (Yale Electronic and Machine Shop, Yale Medical School) with an area of 1 cm 2 . This device provided a measurement of temperature of the skin touching the device, and also allowed the temperature to be controlled by Qtrac from an analog output of the PCI-6221 data acquisition board. The holding temperature of the Peltier device was set to 32
• C, and three types of temperature control were built into the Qtrac recording protocol (850RCF.QRP) used in these experiments: (1) square wave temperature pulses, programmed as a series of 5 s warming pulses or 10 s cooling pulses at intervals of 2 min; (2) warming or cooling ramps at a rate of 0.2
• C s −1 ; or (3) warming or cooling staircase ramps, with 2
• C steps every 10 s.
Menthol application
An alcohol-soaked swab was cut to size (approx. 10 by 10 mm), dried, soaked with menthol solution (40 or 30% l-menthol in ethanol) and placed on the skin. In some experiments, instead of using the a swab a thin layer of menthol ointment (50% L-menthol in white petrolatum) or gel (2% DL-menthol) (Deep Freeze Cold Gel, Mentholatum Co. Ltd., East Kilbride, Scotland, UK) was spread onto the RF with a cotton-tipped applicator.
In each case the menthol preparation was warmed close to skin temperature before application, to minimize thermal stimulation. The ethanol swab had the advantage that preand post-menthol temperature response profiles could be compared without the complication of the presence or absence of ointment on the Peltier device. On the other hand, the ethanol swabs caused a temporary cooling while the ethanol evaporated.
Spike identification, counting and waveform analysis
Although a large unit might appear to be easily identified from all others on the basis of amplitude alone, there was always a possibility that an apparent spike occurring during thermal or menthol stimulation might be caused by an electronic artefact, or that it might represent an impulse in a previously silent sympathetic or other fibre. In the case of the responses to heating and cooling temperature ramps, it was particularly important to establish whether the fibre responding to cooling was the same as the fibre responding to warming, and whether it was the same unit as previously typed in a raster plot by repetitive and natural stimulation. To aid spike separation and artefact removal, the analysis program QtracP provides for the use of two separate measurements on each spike (e.g. peak-to-peak height and width at half-height) to determine the position of a point on a peak vs. width or other 'shape index' plot. The points for a single unit normally fall within an ellipse on such a plot, and a manually fitted ellipse can be used for excluding artefacts, and to a limited extent other units, from further analysis. An additional check on the identity of a unit in two sections of recording can be made by comparing averaged waveforms of the selected spikes. Thus electrically evoked spikes corresponding to a specific line on a raster plot can be used to define an ellipse on the shape index plot, which can then be used to discriminate spikes evoked by thermal stimulation or by menthol. This method is illustrated in Fig. 1 . A multi-unit recording is shown in which several units were excited between 80 and 110 ms, with the largest amplitude spikes labelled 'a' and 'b' (Fig. 1A) . During repetitive stimulation at 2 Hz the units showed different patterns of activity-dependent slowing (Fig. 2B) , with spike 'b' showing the typical Type 2 pattern of C2 units. To help separate this unit from the other, larger and smaller units, its latency was tracked throughout the 5 min period, and the spikes centred on those latencies measured and displayed on a plot of peak amplitude vs. width at baseline. (Width at half height was more normally used, but in this case was less effective than width at baseline for separating unit 'b' from other units.) This single-unit plot is not illustrated, but an ellipse fitted to just enclose nearly all the points is shown as ellipse 'b' (Fig. 1E ), which also shows points corresponding to all the other peaks in the raster plot, and an ellipse fitted to the larger unit 'a' . To demonstrate the use of the 'shape ellipses' to separate the units, the portion of the record between 100.2 and J Physiol 587.23 100.8 min was filtered to exclude all points outside ellipse 'a' , and the portion between 101.4 and 102 min was filtered to exclude all points outside ellipse 'b' . The waveforms of all the spikes fitting these two filters are plotted in Fig. 1D , and Fig. 1B and C shows the effects of the filtering on the latency rasters and peak amplitudes. In general, we found that this method of filtering the recordings, by abstracting only spikes of a defined amplitude and shape, was very effective at separating an identified unit from electronic and muscle artefacts, and was more effective at separating action potentials than peak amplitude alone. However, most C units have rather similar shapes, so it is never possible to identify all spontaneous spikes with certainty. Table 1 summarizes the results of the recordings from 18 C2 fibres. Thirteen units were activated by menthol, with delays between 1 and 25 min (median 6.8 min) and with no clear relationship between the delay and menthol concentration. In five cases we were able to stimulate the unit at 0.25 Hz throughout this period, while also counting spontaneous spikes. One fibre (K2) was not activated during 16 min of menthol exposure, although it was still functioning at the end of the recording. Four other C2 fibres were treated with menthol but not recordable afterwards. No conclusion about their . Sweep recorded at 101 min. B, raster plot showing all peaks above 5 μV in amplitude during 5 min of recording, including a 3 min period in which stimulation rate was increased from 0.25 Hz to 2 Hz (indicated by bar at the bottom). Individual units firing consistently in response to the stimulus give rise to continuous lines in the raster plot. Recording during 36 s periods marked 'a' and 'b' indicate periods when recording was filtered to select spikes 'a' and 'be respectively. C, peak amplitudes of all points in the raster plot, showing overlap of amplitudes. D, superimposed waveforms of all spikes in the periods marked 'a' and 'b' in parts B and C. E, plot of peak amplitude vs. width at baseline for all points in the recording, before filtering, showing clustering of points corresponding to the largest fibres. The ellipses 'a' and 'b' were drawn to fit the distribution of points (not shown) for the lines in the raster plot corresponding to each of the two largest peaks. These ellipses were subsequently used to filter the recording during the two 36 s periods indicated in parts B and C. (N.B. a 4 kHz low-pass filter frequency was used in the original recording, but a 2 kHz cut-off in the re-analysis, which is why the peak amplitudes are larger in C than in D and E). sensitivity to menthol was possible, but they are included because their baseline sensitivity to cooling and heating ramps was measured and relevant to an understanding of C2 function. In six cases it was possible to record responses to heating ramps both before and after menthol, and in all of these cases there was evidence of sensitization to warming as well as to cooling. Figure 2 illustrates an experiment in which a single Type 2 unit was much the largest excited by electrical stimulation, and its punctate RF for stimulation with a cold rod was several millimetres away from the stimulating electrodes. We were therefore able to record both the spontaneous and the electrically evoked responses during application of menthol (50% ointment) to its RF. This fibre conducted at 0.96 m s −1 , and on stimulation at 2 Hz the latency increased by 6.9%, consistent with previously described Type 2 fibres (Campero et al. 2001 . The fibre was initially firing spontaneously at a low rate (∼1 Hz), but 5.6 min after application of menthol to its RF this rate increased progressively to about 6 Hz. As the spontaneous activity increased, so did the latency, but the latency recording became patchy as the spontaneous action potentials interfered with the electrically excited ones. The spontaneous activity was reduced when the skin was warmed further with the radiant heat lamp. A second, much smaller Type 2 unit (velocity 0.91 m s −1 , slowing at 2 Hz: 4.5%) was visible in the recordings (not shown), and exhibited a similar degree of activity-dependent slowing, starting 5.8 min after menthol application. However the signal-to-noise ratio was too low to count the spontaneous spikes from this second unit.
Results
Effects of menthol on C2 units
To investigate in more detail the effects of menthol on thermal sensitivity, we also recorded the responses to temperature ramps applied by the Peltier device, before and after menthol application. Figure 3 illustrates such an experiment, carried out on the unit that responded Table 1 ) was stimulated electrically at 0.25 Hz throughout. Top, neurogram, recorded at time indicated by vertical dashed line in the lower plots. S indicates stimulus artefact and R the response to the electrical stimulus. Four other similar spikes are also visible. Second plot, latency of spikes to electrical stimulus. Third plot, number of spikes in sweeps without stimulation (counted as the number with amplitudes greater than the horizontal dashed line in the top plot). Bottom, skin temperature near the receptive field. About 5 min after menthol application, the rate of spontaneous firing increased. The activity-dependent slowing increased the latency to the electrical stimuli, but also disrupted the responses by collision. Warming the skin reduced the menthol-induced firing. Menthol shifts the temperature threshold for cold activation of the C2 fibres to a higher temperature, so that the effect of menthol can be counteracted by warming the skin. (NB Sweep duration was 0.85 s, so that 5 spikes per sweep = 5.88 Hz). most rapidly to menthol. This C2 unit had a resting CV of 1.1 m s −1 , and slowed by 4.2% after 3 min at 2 Hz. Figure 3A shows the time course of the recording, with the number of spikes per 850 ms sweep compared with the temperature of the Peltier device, which was ramped up from the holding temperature of 32 to 48
• C, and then down to 10
• C, in 2 • C steps. Initially the unit responded only to cooling. Application of menthol (40% in ethanol) caused a brief initial discharge, presumably because of direct cooling. Spontaneous activity built up again just over 1 min after menthol application. When the Peltier device was reapplied, the unit was found to be not only more sensitive to cooling, with a vigorous phasic response at each temperature step, but also to be activated by heating, which actually produced a higher firing rate than the cooling. The other parts of the figure illustrate these temperature responses in more detail. Before menthol (Fig. 3B) , the firing rate was fairly uniform and increased slowly with lowering temperature. After menthol, the unit fired more phasically, and in rapid bursts, to the first cooling steps (Fig. 3Ca) , but more uniformly when the temperature was lowered further (Fig. 3Cb) . The unit also fired in bursts when heated to 46
• C (Fig. 3Ea) , and reached a higher firing rate on warming than cooling ( Fig. 3Eb and Fig. 4A(b) ). To check that it was the same unit firing on warming as on cooling, averaged waveforms of 400 action potentials evoked by cooling (Fig. 3C) and heating ( Fig. 3E ) post menthol are superimposed in Fig. 3D . Figure 4 summarizes the results of applying temperature ramps to the C2 unit of Fig. 3 (Fig. 4A ) and another well-resolved C2 unit in Fig. 4B . Following menthol treatment, each became more spontaneously active at the holding temperature of 32
• C and much more sensitive to small cooling steps. Unexpectedly, both units also became more sensitive to heating, although we don't have adequate controls (e.g. by monitoring heat sensitivity at regular intervals) to be sure that this increased sensitivity was due to the menthol.
Additional C2 responses to temperature ramps
In eight recordings we were able to record responses of a C2 unit to temperature ramps before applying menthol, but the unit was lost or inactivated during or after the menthol application. Three of these pre-menthol responses are illustrated in Fig. 5 , because they provide further evidence of the sensitivity of some of these units to warming. The Table 1 . unit in Fig. 5C is of particular interest, in being as sensitive to warming as to cooling. We were so surprised by this unit that the ramps were repeated 3 times with very similar results. We also checked for each of these recordings that it was the same unit responding to warming as to cooling, by averaging the spike waveform separately for each direction of temperature change. In each case the waveforms were indistinguishable. Of 14 C2 units tested with cooling and heating ramps before menthol application, all responded to cooling and 12 responded to warming. The median threshold of all 14 to warming was 37.55
• C and to cooling was 30.0
• C.
Hysteresis and overlap of C2 responses to cooling and warming
In Fig. 3E it can be seen that on return to 32 • C after the end of the heating ramp, the unit transiently stopped firing, but then picked up to a rate higher than before the heating, but over then next 15 s or so the unit settled back to its original rate. To explore further the after-effects of heating or cooling C2 units, which may be relevant to the phenomenon of paradoxical warmth (see Discussion), in one unit that responded to both cooling and warming we explored the effects of continuously ramping the temperature up and down. For these slow, continuous ramps we used the same average rate of change of temperature as for the stepped ramps in Fig. 3, i .e. 0.2
• C s −1 , but the temperature was altered every second, rather than every 10 s. Even at this rate, which is much slower than the 1
• C s −1 usually used in the Marstock method of thermal threshold estimation, there was very considerable hysteresis. Because of the high dynamic sensitivity of the unit, low temperature responses occurred at a much higher temperature when cooling, and high temperature responses at a much lower temperature when warming (see Fig. 6 ). After applying menthol, responses to cooling started at a temperature 4.5
• C higher, and responses to warming at a temperature ∼1
• C lower, so that there was a substantial overlap of about 5.5
• C between the cooling (after warming) and warming (after cooling) responses.
Comparison between C2 units and an Aδ-cold unit
It was previously noted that C2 fibres fire maximally at an appreciably lower temperature than has been described for J Physiol 587.23 the Aδ-cold units in monkey glabrous skin, but no human Aδ-cold units were recorded with adequate signal-to-noise to compare thermal response profiles directly (Campero et al. 2001) . In this study we were fortunate enough to come across one such Aδ fibre and the response of this unit to a standard cooling staircase is compared with that of two C2 units in Fig. 7 . It can be seen that not only do the C2 units fire maximally at a lower temperature than the Aδ-cold unit, but they also continue firing down to a much lower temperature. All of the 13 C2 fibres tested have continued to fire down to 0
• C, but the Aδ-cold unit did not fire more than a few spikes below 14
• C. The Aδ-cold unit in Fig. 7 was later activated by 40% menthol in ethanol after a delay of 5 min, in a similar way to the C2 units, and it was also sensitized to cooling by menthol, but it did not respond to heating up to 48
• C, either before or after the menthol exposure (not illustrated).
Effects of menthol on Type 1A (CMH) and Type 1B (MIA) units
We tested the effects of menthol on 33 nociceptors, and the results are summarized in Table 2 . These nociceptors were divided into CMH (n = 24) and MIAs (n = 9) according to their sensitivity to mechanical stimulation and their activity-dependent slowing profile. The CVs of the CMHs averaged 0.74 ± 0.22 m s −1 (mean ± S.D., n = 24), whereas MIAs mostly conducted much more slowly (0.42 ± 0.20 m s −1 , n = 9); after a 3 min pause, CMHs slowed by 0.49 ± 0.62% (n = 17)) and MIAs by 4.86 ± 1.52% (n = 9), consistent with previous results . Figure 8 illustrates an experiment in which a C2 unit and a CMH nociceptor were recorded simultaneously. The RFs of both units were very close, covered completely by the menthol-soaked pad. The CV of the C2 was 1.5 m s −1 ,
Figure 4. Effects of menthol on temperature responses of two C2 units
A, mean firing rates of unit D3 illustrated in Fig. 3 : a, pre-menthol; b, post-menthol. Vertical lines indicate holding temperature of 32 • C. B, similar recordings from a second C2 unit (N1 in Table 1 ).
and it slowed by 5.7% during the 2 Hz tetanus. The CMH had a CV of 1.31 m s −1 and slowed by 22.8% during the tetanus. While the C2 responded readily to small thermal stimuli, both cooling and warming, the CMH was only activated by heating between 44 and 47
• C. The CMH was insensitive to a cold ramp to 0
• C (not shown). Forty per cent menthol caused a smooth cooling of the skin inducing a gradual and transient slowing of the CMH and activity-dependent slowing of the C2. After about 5 min the cooling due to evaporation of ethanol had finished and the C2 latency returned to baseline. After 13.2 min the C2 fibre started firing again, causing latency shifts
Figure 5
Aa-Ca, responses to temperature ramps of 3 other C2 units, plotted as in Fig. 3 . Ab-Cb, for each unit, the mean action potential waveforms during cooling and warming are compared, to show that the unit responsible is the same. (Units in A-C are O2, O1 and F2b respectively in Table 1 ).
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and a general activity-dependent slowing (cf. Fig. 2 ). The latency of the nociceptor remained unchanged, suggesting that menthol caused no activation of this unit. Further negative responses to menthol treatment, for another CMH and 3 MIAs, are illustrated in Fig. 9 . In each case the responses of the units to two extra stimuli (above the baseline stimulation rate of 0.25 Hz) are shown, to provide a calibration for any activity evoked by menthol. There was no evidence for even a single spike in any of the other nociceptors (18 CMHs and 9 MIAs in all) tested similarly by latency tracking. Although we could find no evidence that menthol evoked activity in any nociceptors at resting skin temperature, there remained the possibility that menthol would sensitize the units to cooling pulses. We therefore also checked for increased discharges to defined cooling pulses or temperature ramps, with a particular interest in CMHs which responded to cooling before menthol (i.e. CMHC units). In Fig. 8 , the brief cooling pulses sufficient to activate the C2 unit did not cause too much conduction slowing to obscure the activity-dependent slowing of either unit. However, the much longer and colder pulses required to activate CMH units usually caused so much conduction slowing that they prevented detection of any activity-dependent slowing, since both phenomena cause a shift in latency in the same direction. This problem was made much worse by the very low firing rates (less than 1 spike per second) of CMHs to cooling. To measure these small responses we therefore restricted attention to units with sufficient amplitude to be able to Table 1 .) Small circles at 32 • C indicate mean rate of firing at baseline temperature, before and after the temperature ramps.
count spikes, using a shape index to limit contamination by muscle artifacts and other units (see Methods). With this approach we recorded from 15 CMHs before and while menthol was applied to the RF for 12 to 46 min (median 15 min). Among these units, four responded to cold prior to menthol with very few spikes. Figure 10 illustrates the typical response of a CMH (CV 1.0 m s −1 ). Prior to menthol it gave a vigorous response to heating, with first spikes occurring at 37 and 41
• C in two trials, but only two and four spikes were recorded during two cooling ramps to −1.5
• C, with the first spikes at 2 and 8
• C. During 15 min of menthol exposure there were only two spikes registered of similar size and shape. One, at the onset, may have been due to mechanical activation. The second, near the end, may have been from the same unit, but may not. After removing the menthol swab, two more heating and cooling ramps were given and the responses were similar to before. Heating responses started at 36 and 39
• C, and four spikes were recorded to each cooling ramp, starting at 2 and 1
• C. In recordings from three additional CMH fibres, a few spikes were counted during menthol application, but the signal-to-noise ratio did not allow unequivocal identification of these spikes by waveform as being from the same unit (rather than, for example, from a sympathetic unit of similar amplitude). We applied temperature ramps down to 0
• C or below, before and after menthol, to the mechanical RFs of 14 other CMHs with similarly negative or equivocal results.
In summary, in recordings from 24 CMHs and nine MIAs we found no convincing evidence of either activation or sensitization to cooling or heating by menthol treatments which consistently activated and sensitized C2 fibres.
Discussion
This study has used microneurography to search for C fibres responsive to innocuous cooling and menthol that could be responsible for the reported sensations of burning evoked in healthy volunteers. Microneurography provides an unrivalled tool for detecting the impulses in primary sensory neurons that give rise to sensations, but some of our interpretations are necessarily speculative, because of the limited number of afferent fibres sampled, and the uncontrolled selectivity of the method. There is abundant evidence that cutaneous cold sensation is mediated primarily by Aδ fibres, but we have only ever recorded one with sufficiently good signal-to-noise ratio to determine its thermal response profile (see Fig. 7 ). It is therefore quite possible that there are other types of thermo-sensory fibre in human skin, that have so far eluded detection. (For example, we have found no fibres corresponding to the high-threshold cold fibres in the monkey described by LaMotte & Thalhammer (1982) , which compared with C2 fibres had higher thresholds to cooling (26-10
• C), larger receptive fields, and were insensitive to heating.) However, we consider that we have now observed sufficient responses to menthol and temperature changes to justify drawing some tentative conclusions about the role of the C2, or 'Type 2' C units, and to drastically revise our previous description of them as 'specific cold fibres' (Campero et al. 2001) . (N.B. In the following discussion, temperature descriptors in inverted commas, such as 'hot' or 'warm' refer to sensations, and not stimuli.)
Our results show that the C fibres most strongly activated by both cold and menthol are the C2 fibres. Twenty-four polymodal (Type 1A, CMH) nociceptors were not significantly activated by menthol, whether they discharged slowly at very low temperatures or not (i.e. whether CMHC or CMHCi). Whereas all of the 14 CMH fibres, for which the Peltier device was positioned in their mechanical RFs, discharged vigorously on heating, the firing rates of the four units activated by cooling never exceeded 1 Hz, whether or not menthol had been applied. The remaining 13 were unresponsive to cold down to 0
• C. Table 1) continued to discharge all the way down to 0 • C, but the Aδ unit in C (Q1) stopped firing altogether at about 14 • C.
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A further nine CMH units were recorded while menthol was applied to their cutaneous RFs, and the latency profiles showed no evidence of spontaneous activity. 'Silent' , i.e. mechano-insensitive (Type 1B, MIA), nociceptors were more difficult to test, since they had no mechanical RF. However, attempts to activate such units by applying menthol to their electrical RFs were all unsuccessful (in contrast to an earlier study where such units were found to Table 1 and unit C1a in Table 2 ). According to slowing profile during the changes to baseline stimulation frequency (0.25 Hz), the fast fibre corresponds to a type 2 (Serra et al. 1999 ) and the slow fibre to a mechano-heat sensitive (CMH) nociceptor. B, these two fibres responded differently to cold and heat ramps: whereas the type 2 responded readily to non-noxious cold and heat, the nociceptor responded only to noxious heat (46 • C). C, when menthol was applied there was an immediate and transient response of the C2 caused by the low temperature of menthol. The nociceptor displayed only a smooth change in latency due to a general cooling effect. After 13 min of 40% menthol application, the C2 fibre started firing, while the nociceptor remained with a stable latency.
respond to capsaicin applied even at considerable distances . Since the MIAs are thought to be the fibres responsible for axon reflex vasodilatation in humans (Schmelz et al. 2000) , this negative result fits with the finding of Namer et al. (2005) that topical 40% menthol does not induce an axon-reflex flare, but not with the contradictory report by Wasner et al. (2004) . Although we cannot exclude the possibility that there is a subpopulation of CMHs or MIAs that behave differently, we conclude on the basis of the present results that the C2 fibres are the most plausible candidates to mediate the compression block-resistant burning pain and cold allodynia/hyperalgesia induced by menthol (Wasner et al. 2004 ).
Temporal profile of menthol effect on C2 fibres
The latencies of the C2 responses to menthol application (median 6.8 min) were rather variable, but not dissimilar to psychophysical latencies for 'cool' and 'burning' . Namer et al. (2005) found that 40% L-menthol in ethanol induced pain in 7/10 subjects with a latency of 4 min, rising to a maximum in 16 min, while it induced coldness with a latency of 5 min, rising to a maximum in 17 min, Wasner et al. (2004) , also using 40% L-menthol in ethanol found a mean latency for pain in 8/10 subjects of 'a few minutes' , reaching a plateau after 8 min, while a sensation of cold was felt within the first 2 min and reached a plateau after 9 min. Hatem et al. (2006) using 30% L-menthol in ethanol described that 90% of 39 volunteers reported cold at 10 min, whereas 10% reported warm. We used 30% and 40% L-menthol in ethanol to match these psychophysical studies, but we found that in three trials a 2% DL-menthol gel activated C2 units just as quickly.
C2 fibres and anomalous thermal sensations
Current clinical testing of thermoreception is based implicitly on the assumption that only four sensory channels are involved: innocuous 'cold' and 'warm' and noxious 'cold pain' and 'heat pain' . As Green (2004) has pointed out, this simplistic scheme, which derived from a naive specificity theory, relegates many well-attested thermal sensations to the status of 'paradoxical' or 'illusory' . Here we consider evidence that the C2 fibres may be responsible for some of these apparent anomalies.
Changes in cold sensation during differential A-fibre block. To test whether unmyelinated cold receptors contribute to cold sensations, Fruhstorfer (1984) used a pneumatic cuff to selectively block myelinated fibres. He found that in 25 out of 27 normal subjects the sensation induced by a cooling stimulus changed strikingly after about 13 min from cold to icy, stinging, burning or even hot, while warm sensation was little affected. The change in sensation was accompanied by a drop in threshold temperature from a mean of 28.4
• C to 24.9
• C, but as he noted, this change was likely to have been caused in part by his use of a 2
• C s −1 temperature ramp to estimate threshold (Fruhstorfer, 1976) , and the slower velocity of unmyelinated fibres. He concluded that the information from unmyelinated low-threshold cold receptors alone leads to an unpleasant sensation which is normally suppressed by the activity of myelinated cold afferents. Fruhstorfer's findings, that A-fibre block induces a form of cold allodynia, and his interpretation in terms of disinhibition of C fibre input, have been confirmed by Wahren et al. (1989) using radial nerve compression and by Yarnitsky & Ochoa (1990) who again used ischaemia. Of the types of C fibre recorded by microneurography, Figure 9 . Recordings of 3 MIAs and 1 CMH treated with menthol In each trace, the left hand section of the recording shows the activity-dependent slowing caused by 2 extra stimuli (in addition to the baseline stimulation at 0.25 Hz), while the right hand portions show the responses to 40% menthol in ethanol. Unit in A from one subject and those in Ba-c from another. Each unit shows a smooth increase in latency due to cooling when the menthol is applied, but no latency changes corresponding to extra action potentials. (The slow acceleration of the B units was caused by an accidental displacement of the infra-red lamp.) The units A, Ba, Bb, Bc correspond to M1, K1b, K1a and K1c respectively in Table 2 . J Physiol 587.23 only the C2 fibres could be responsible for the 'hot' and 'burning' sensations evoked by cooling to temperatures above 20
• C. Normal polymodal nociceptors are only activated at lower temperatures (Campero et al. 1996 and the present study).
Paradoxical warmth and heat. After the discovery of the punctate nature of skin sensibility by Blix (1882-3) , Goldscheider (1884 Goldscheider ( , 1912 reported that when warm spots in the skin are stimulated with a cool stimulus, they sometimes evoke a sensation of warmth, and this was confirmed by Pavlicek & Jenkins (1933) , who found that most normal subjects sometimes described a 26
• C stimulus applied to a warm spot as 'warm' . A later study by Jenkins & Karr (1957) , found that at 18 out of 74 warm spots on 16 subjects, temperatures 3
• C below physiological zero were consistently misreported as 'warm' or 'intensely warm' . They also found that paradoxical warmth was most frequently evoked just after a normal warm stimulus. This phenomenon was described by Susser et al. (1999) as 'paradoxical heat' , and they concluded from CV estimates that the nerve fibres responsible are C fibres. Hamalainen et al. (1982) speculated that polymodal nociceptors were responsible, but they are never activated by the innocuous cooling that can effectively evoke paradoxical warmth and heat. The C2 fibres activated by warming as well as cooling are the only type of fibre identified in humans with appropriate properties to mediate similar thermal sensations on innocuous cooling as well as warming. Moreover, the unit illustrated in Fig. 5 was sensitized by prior warming, after which it discharged maximally at close to 26
• C, conditions similar to those reported by Jenkins & Karr (1957) to be optimal for evoking paradoxical warmth.
'Synthetic heat' and the thermal grill illusion. Whereas paradoxical heat is best evoked by cooling soon after warming, the sensation of 'synthetic heat' is evoked by simultaneously cooling and warming neighbouring regions of skin. Thunberg (1896, as cited by Alrutz, 1898) originally reported that simultaneous application of non-noxious cold and warm stimuli to adjacent skin areas evokes the sensation of strong, but not painful, heat (preceded by transient cold). Craig & Bushnell (1994) , however, reported that the 'thermal grill illusion' sensation was painful, and related it to cold-evoked burning pain. Other groups have variously stressed the thermal (e.g. Green, 2002; Fruhstorfer et al. 2003) or painful (e.g. Bouhassira et al. 2005; Defrin et al. 2008 ) aspects of the sensation evoked. Like paradoxical heat, synthetic heat Table 2 ) subjected to heating and cooling ramps and exposure to 30% menthol in ethanol for 15 min. In each portion, the fourth (bottom) part shows the temperature of the Peltier element, the third the number of spikes per sweep, with an arrow indicating the single sweep illustrated at the top. The second part shows a superimposition of all the spikes recorded in the particular portion of the record. Clear responses were only seen to heating and close to 0 • C, which were not appreciably changed by exposure to menthol (see text).
appears to depend on transmission in C fibres, since Fruhstorfer et al. (2003) found that the sensation of synthetic heat was unchanged during A-fibre block but the cold component of sensation was lost. They concluded that the perception of synthetic heat most likely arises from the fusion of independent signals from unmyelinated low threshold cold and warm receptors. The C2 fibres are the only known C fibres with appropriate sensitivity to provide the cold-sensitive arm of this combination.
'Innocuous cold nociception'. In his study of the thermal grill illusion, Green (2002) found that some normal subjects reported 'stinging' or 'burning' when the skin of the forearm was cooled only a few degrees below normal skin temperature, and Green & Pope (2003) coined the apparently self-contradictory term 'innocuous cold nociception' (ICN) to describe these sensations. The unpleasant sensations evoked by a mildly cool stimulus (27-31
• C) are strongly inhibited when cooling is accompanied by touch ('dynamic mechanical contact') (Green & Pope, 2003; Green & Schoen, 2005) . Further studies of the ICN phenomenon (Green & Schoen, 2007; Green et al. 2008 ) make the C2 units the most likely peripheral substrate for ICN. Thus Green & Schoen (2007) have found that menthol increases ICN during static contact, and that the menthol-induced or menthol-enhanced unpleasant sensations are also suppressed by dynamic contact. Although Green and colleagues have not reported the effects of A-fibre block, their experiments are consistent with the evidence from the ischaemia and compression-block experiments that the menthol-sensitive C2 fibres can evoke unpleasant sensations that are inhibited by A-fibres (which include low threshold mechanoreceptors or, as discussed above, Aδ cold fibres).
C2 fibres compared with 'warm' fibres
Of the 14 C2 fibres tested with the Peltier device, over half had thresholds to heating below 38
• C, suggesting that they may act in part as 'warm' sensors. It is remarkable that, to the best of our knowledge, there have been no reports on human 'warm' fibres since a cluster of articles in the 1970s and early 1980s (Konietzny & Hensel, 1975; Hensel, 1976; Torebjörk & Hallin, 1976; Konietzny & Hensel, 1977; Hallin et al. 1982; Konietzny, 1984) . In reviewing recordings from 44 of these units, Konietzny (1984) proposed that they fell into two groups: 21 were low threshold warm receptors (LWRs), active at 32
• C and with firing rate falling off above a maximum rate at about 40
• C, whereas 23 were high threshold warm receptors (HWRs), with thresholds at 35-38
• C and firing rates increasing monotonically up to 45
• C or higher. Our C2 fibres clearly differ from the LWRs, in that none exhibited spontaneous activity at 32
• C that was inhibited by cooling, and on heating none had a maximum firing rate below 45
• C. On the other hand the C2 behaviour on warming (median threshold 37.55
• C) corresponds closely with the HWRs, which Konietzny (1984) thought primarily responsible for the sensation 'hot' . There is no evidence that the HWRs were systematically tested with cooling, so that it is conceivable that HWR = C2. However, Konietzny does describe one fibre (CV unknown) that was activated by warming above 36
• C, and also by cooling, so most likely a C2 fibre, which he refers to as a 'cold' fibre.
C2 fibres and the spectrum of temperature sensations
Lowering skin temperature can evoke a variety of sensations that range from 'cool' through 'cold' , 'icy' and 'burning' to 'pain' . Sensory physiologists have wondered how we are able to discriminate static temperatures on either side of the bell-shaped curve relating the firing rate of Aδ cold fibres to temperature. One suggestion was the firing pattern, which might enable the CNS to distinguish between units firing in bursts or regularly at the same mean rate (Iggo, 1969) . This hypothesis is not, however, supported by recordings of human cold fibres (Hensel, 1982) , and the recordings in our Fig. 7 suggest a simpler solution: temperature may be determined by comparing the firing rate of Aδ cold fibres and C2 fibres. The ratio of C2 to Aδ activity increases as the skin gets colder, until the Aδ cold fibres stop firing altogether. A similar proposal was made by Fruhstorfer (1984) who deduced that cold-sensitive C fibres must exist, and suggested that strong cold stimuli would inactivate the Aδ fibres, leaving the C fibres to give rise to a 'superficial stinging and burning pain which precedes the deep aching cold pain' .
Raising skin temperature can also evoke a variety of sensations that range from 'warm' through 'hot' and 'burning' to 'pain' . While 'warm' may be mediated by selective activation of specific warm fibres (LWR), the C2 fibres activated by heating as well as cooling may contribute to the sensations of 'hot' and 'burning hot' , at temperatures somewhat lower than those at which the CMH nociceptors add a definite pain component. On this hypothesis, 'hot' is normally signalled by the simultaneous activation of LWR and C2 fibres, so it is not surprising that simultaneous activation of some LWR fibres by innocuous warmth, and nearby C2 fibres by innocuous cold, should generate 'synthetic heat' .
So the C2 fibres appear to play a similar function in high temperature thermoreception as they do in low temperature thermoreception, in colouring the sensation of the specific thermoreceptors to indicate that skin temperature is leaving the comfort zone ('cool' , 'warm') and becoming uncomfortable ('cold' , 'hot') or even very uncomfortable ('burning cold' , 'burning hot') while not J Physiol 587.23 Cold pain yet tissue-damaging (cold pain, heat pain) (see Table 3 ). It seems likely that when C2 fibres are active on their own, the predominant sensation is 'burning' or 'hot/burning' , but more commonly they are active at the same time as other thermoreceptive fibres, when the sensation experienced may be a blend (like a mixture of different colours), not easily resolved into distinct components. The controversy over whether the thermal grill generates sensations of heat or pain may be due to the critical position of the LWR+C2 fibre combination in the spectrum of thermal sensations, filling the gap between innocuous warmth and noxious heat pain. Returning to our finding that menthol sensitizes C2 fibres to cooling, Green's (1992) report that menthol treatment shifts sensations at 31
• C and 29
• C from 'cool' to 'cold' , 'hot' and 'burning' fits well with this hypothesis for C2 function. However, our finding that menthol also apparently sensitizes C2 fibres to heating would lead to the expectation that menthol should also shift sensations of 'warm' , on mild heating, to 'hot' and 'burning' , but Green (1992) found the opposite. This discrepancy is unresolved.
What is the biological function of C2 fibres?
The biological function of the bimodal C2 fibres presents even more of a puzzle than their sensory function. Their high sensitivity to innocuous cooling of the skin is inappropriate and expensive (in terms of energy consumption) for a sensory channel evolved primarily to warn of excessive cold or heat. Furthermore, the powerful inhibition of their unpleasant sensations by touch and Aδ cold fibres indicates that their function is not to detect cold objects, but rather the temperature of skin that is not being touched. These considerations suggest that the original biological function of the C2 fibres may have been, as previously proposed (see hypothesis 2 in the Introduction), to provide information about skin temperature for the purposes of unconscious thermoregulation, for which the high sensitivity would be important. A rationale for thermoregulatory sensory activity acquiring an unpleasant conscious aspect was provided by Green & Schoen (2005) , who suggested that ICN (which is most likely mediated by C2 fibres) may provide a warning of temperatures which, though not extreme enough to cause tissue damage, could represent a dangerous thermoregulatory challenge. The combination of sensitivity to cooling and warming in the same cell appears inappropriate for thermoregulatory control, but may provide a useful indication of departure from the 'comfort zone' , in which thermoregulation can be maintained indefinitely.
What is the clinical role of C2 fibres? Fruhstorfer (1984) was the first to note a clinical correlate of his evidence that A-fibre block releases unpleasant sensations from low-threshold cold-sensitive C fibres. He suggested that the abnormal perception of innocuous cold stimuli as 'warm' or 'burning' by patients with diabetic and uraemic polyneuropathy could be due to loss of Aδ cold afferents, and hence insufficient inhibition of the input from C fibres. However, he did not equate these abnormal sensations in the patients with cold hyperalgesia or cold allodynia. Abnormal thermal responses in uraemic neuropathy were later documented by Yosipovitch et al. (1995) , who found a strong correlation between cold hypoaesthesia and paradoxical heat sensations, but they also did not equate these sensations with pain. On the other hand, Ochoa & Yarnitsky (1994) described a syndrome of cold hypoaesthesia and cold hyperalgesia in a variety of neuropathies. They linked the burning sensations reported by the patients in response to cold stimuli to the release of C-fibre mediated cold pain by A-fibre block (Yarnitsky & Ochoa, 1990) . They supposed that polymodal nociceptors were responsible, but the cold pain was experienced at temperatures (>20
• C) that do not excite normal polymodal nociceptors, so that either C2 fibres or sensitized nociceptors must have been involved. There is a striking parallel between the discrepant accounts of the thermal grill sensations as either 'hot' or 'burning pain' and these discrepant accounts of abnormal sensations linked to cold hypoaesthesia in neuropathies, both situations in which C2 activity is implicated. It seems unlikely that the 'pain' experienced by some subjects and patients due to disinhibited C2 activation can be equated with the pain due to activation of polymodal nociceptors, or that all types of cold hyperalgesia (e.g. toothache) can be explained by this mechanism. A patient was recently described with cold hyperalgesia due to sensitized nociceptors: Type 1A units, which were shown by microneurography to be activated by menthol, in clear contrast to the normal Type 1A units in the present study (Serra et al. 2009 ).
In conclusion, we have found that the only C-fibres appreciably activated by menthol and cold are the C fibres with a Type 2 profile of activity-dependent slowing, previously described as specific cold afferents (Campero et al. 2001) . In the light of the psychophysical studies reviewed, it now seems unlikely that they ever evoke the sensations of 'cool' or innocuous 'cold' . On the contrary, these fibres have been implicated in sensations of 'hot' , 'burning' and 'stinging' . The C2 fibres are the only known types of C-fibre that could be responsible for the 'stinging' and 'hot/burning' evoked by innocuous cold stimuli that are usually suppressed by A-fibre input (Aδ-cold and Aβ-touch fibres), but disinhibited when A-fibre input is blocked by ischaemia (Fruhstorfer, 1984) or avoided by cooling with a static thermode (Green & Pope, 2003; Green & Schoen, 2005) or by sliding a thermode over oiled skin (Green et al. 2008) . The C2 fibres differ markedly in membrane properties from CMHs and MIAs (Bostock et al. 2003) and although the sensations they evoke can be unpleasant, they are seldom described as painful. In the case of the thermal grill illusion, the sensations that must be mediated in large part by C2 fibres are described by some groups as nociceptive and others as purely thermal. Green et al. (2008) recently used the term 'low-threshold thermal nociception' to allow for the bimodal nature of what was previously referred to as 'innocuous cold nociception' (Green & Pope, 2003) , and C2 units are the best candidates for the 'nociceptors' involved. However, we are reluctant to classify the C2 fibres as nociceptors (Latin route: nocere = to harm), and prefer the neutral label 'C2' , for these C fibres activated by cold, menthol and usually heat, which appear responsible for colouring thermal sensations on either side of the comfort zone.
